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METHODS OF FORMING ELECTRONIC STRUCTURES INCLUDING 
CONDUCTIVE SHUNT LAYERS AND RELATED STRUCTURES 

Related Application 

This application claims priority from U.S. Provisional Patent Application No. 
60/391,511 filed on June 25, 2002, the disclosure of which is hereby incorporated herein 
by reference in its entirety. 

5 

Field Of The Invention 

The present invention relates to the field of electronics, and more particularly to 
electronic structures including solder layers and related methods. 

10 Background 

Solder layers may be used to provide electrical and mechanical coupling between 
two electronic substrates, such as in flip-chip bonding. In particular, a solder layer may 
be provided on a conductive pad of an electronic substrate (such as an input/output pad of 
an integrated circuit substrate), and the solder layer can be used to bond the electronic 
15 substrate to a next level of packaging such as a printed circuit board, a ceramic substrate, 
and/or another integrated circuit device. Accordingly, the solder layer may provide an 
electrical interconnection between the electronic substrate and the next level of 
packaging. 

More particularly, a solder bump may be provided on a portion of a conductive 
20 pad exposed through a via in an insulating layer. In addition, a relatively thin underbump 
metallurgy (UBM) layer may promote adhesion, provide a plating electrode, and/or 
provide a routing conductor. An insulating layer on the electronic structure may include 
a via therein exposing a portion of the conductive pad on which the solder layer is 
provided. As current flowing in a conventional structure reaches an edge of a solder 
25 bump via, a lower resistance of the bump may cause most of the current to turn the corner 
at the via edge. A non-uniform current density may result, and a non-uniform current 
density may reduce reliability. 

More particularly, a relatively high current density at the via edge may accelerate 
local electromigration of the solder layer at the via edge. Solder, for example, may be 
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particularly susceptible to electromigration because of its relatively low melting 
temperature. Diffusion of metal in the solder layer away from the via edge may result in 
formation of a void in the solder layer adjacent the via edge. The void may block current 
flow thus forcing the current to travel farther past the via edge before turning toward the 
5 solder. Accordingly, a void may grow laterally along an interface between the solder and 
the conductive pad. 

Solder layers may be relatively sensitive to electromigration as discussed, for 
example, by W. J. Choi et aL in "Electromigration Of Flip Chip Solder Bump On 
Cu/Ni(V)/Al Thin Film Under Bump Metallization" (Proceedings of the IEEE Electronic 
1 0 Components Technology Conference, 2002). The disclosure of the Choi et aL reference 
is hereby incorporated herein in its entirety by reference. 

Summary 

According to embodiments of the present invention, methods of forming an 

15 electronic structure may include forming a seed layer on an electronic substrate, and 
forming a conductive shunt layer on portions of the seed layer wherein portions of the 
seed layer are free of the shunt layer. A conductive barrier layer may be formed on 
the conductive shunt layer opposite the seed layer wherein the shunt layer comprises a 
first material and wherein the barrier layer comprises a second material different than 

20 the first material. Moreover, a solder layer may be formed on the barrier layer 

opposite the shunt layer wherein the solder layer comprises a third material different 
than the first and second materials. 

After forming the solder layer, portions of the seed layer free of the solder 
layer may be removed. The shunt layer may include a layer of a metal such as 

25 copper, and the conductive shunt layer may have a thickness of at least approximately 
0.5 |im. In addition, the conductive shunt layer may have a thickness of at least 
approximately 1 .Ojim, and more particularly, the conductive shunt layer may have a 
thickness in the range of approximately 1 .Ojim to 5.0)1. The barrier layer may include 
a layer of a metal such as nickel, platinum, palladium, and/or combinations thereof. 

•30 The barrier layer may also include a passivation layer, such as a layer of gold, 
thereon. 

The seed layer may include an adhesion layer of a fourth material different 
than the first material of the conductive shunt layer, and the adhesion layer may 
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include a layer of a metal such as titanium, tungsten, chrome, and/or combinations 
thereof. In addition, the seed layer may include a plating conduction layer on the 
adhesion layer opposite the substrate, and the plating conduction layer may include a 
layer of the first material of the conductive shunt layer. 
5 After forming the seed layer, a mask layer may be formed on the seed layer 

wherein the mask layer has a pattern exposing a surface portion of the seed layer. 
Accordingly, the conductive shunt layer can be formed by plating the conductive 
shunt layer on the exposed surface portion of the seed layer, the conductive barrier 
layer can be formed by plating the conductive barrier layer on the conductive shunt 
10 layer, and the solder layer can be formed by plating the solder layer on the respective 
barrier layer. 

Forming the electronic device can also include forming a conductive pad on a 
substrate, and forming an insulating layer on the substrate and on the conductive pad 
wherein the insulating layer has a via therein so that a portion of the conductive pad 

15 opposite the substrate is free of the insulating layer. More particularly, the seed layer 
can be on the insulating layer, on sidewalls of the via, and on the portions of the 
conductive pad free of the insulating layer, and the conductive shunt layer can be on 
the seed layer opposite the portions of the conductive pad free of the insulating layer, 
opposite the sidewalls of the via, and opposite portions of the- insulating layer adjacent 

20 the via. 

According to additional embodiments of the present invention, forming an 
electronic structure can include forming a conductive pad on a substrate, and forming 
an insulating layer on the substrate and on the conductive pad wherein the insulating 
layer has a via therein so that a portion of the conductive pad opposite the substrate is 

25 free of the insulating layer. A conductive shunt layer may be formed on the portion of 
the conductive pad free of the insulating layer, on sidewalls of the via, and on surface 
portions of the insulating layer surrounding the via opposite the substrate and the 
conductive pad, and the conductive shunt layer can have a thickness of at least 
approximately 0.5|im. A conductive barrier layer can be formed on the conductive 

30 shunt layer opposite the conductive pad and the insulating layer wherein the shunt 

layer and the barrier layer comprise different materials. In addition, a solder layer can 
be formed on the barrier layer opposite the shunt layer wherein the solder layer and 
the barrier layer comprise different materials. The shunt layer may have a thickness 
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of at least approximately 1 .Gjim, and the shunt layer can have a thickness in the range 
of approximately l.O^m to 5.0|im. 

Before forming the conductive shunt layer, a seed layer may be formed on the 
conductive pad and on the insulating layer so that the seed layer is between the 
5 conductive shunt layer and the portion of the conductive pad free of the insulating 
layer and so that the seed layer is between the conductive shunt layer and the 
insulating layer. 

The seed layer may include an adhesion layer of a material different than that 
of the conductive shunt layer, and the adhesion layer may include a layer of a metal 

10 such as titanium, tungsten, chrome, and/or combinations thereof. In addition, the seed 
layer may include a plating conduction layer on the adhesion layer opposite the 
substrate, wherein the plating conduction layer and the conductive shunt layer 
comprise a common material. Moreover, the conductive shunt layer, the conductive 
barrier layer, and the solder layer may be on portions of the seed layer, and portions of 

15 the seed layer may be free of the conductive shunt layer, the conductive barrier layer, 
and the solder layer. After forming the solder layer, portions of the seed layer free of 
the conductive shunt layer, free of the conductive barrier layer, and free of the solder 
layer may be removed. 

After forming the seed layer, a mask layer may be formed on the seed layer, 

20 wherein the mask layer has a pattern exposing a surface portion of the seed layer 
opposite the portion of the conductive pad free of the insulating layer, opposite 
sidewalls of the via, and opposite surface portions of the insulating layer surrounding 
the via. Accordingly, forming the conductive shunt layer may include plating the 
conductive shunt layer on the exposed portion of the seed layer, forming the 

25 conductive barrier layer may include plating the conductive barrier layer on the 

conductive shunt layer, and forming the solder layer may include plating the solder 
layer on the barrier layer. The mask layer may be removed after forming the solder 
layer, and portions of the seed layer surrounding the conductive shunt layer may be 
removed after removing the mask layer. More particularly, the conductive shunt layer 

30 may include a layer of a metal such as copper, and the conductive barrier layer may 
include a layer of a metal such as nickel, platinum, palladium, and/or combinations 
thereof. 
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According to yet additional embodiments of the present invention, methods of 
forming an electronic structure may include forming a primary conductive trace on an 
electronic substrate, the primary conductive trace having a first width, and forming a 
conductive pad on the electronic substrate, the conductive pad having a second width 
5 greater than the first width. An electrical coupling may also be formed between the 
primary conductive trace and the conductive pad, wherein the electrical coupling 
provides at least two separate current flow paths between the primary conductive trace 
and the conductive pad. 

The electrical coupling may include a flared coupling extending from the 

1 0 primary conductive trace to the conductive pad and having a perforation therein. The 
electrical coupling may include first and second traces extending from the primary 
conductive trace to spaced apart portions of the conductive pad. The first and second 
traces extend to opposite sides of the conductive pad. In an alternative, the 
conductive pad may be circular, and the first and second traces may extend 

15 tangentially from different portions of the circular conductive pad and meet at the 
primary conductive trace. The first and second traces may extend from the circular 
pad in parallel directions and turn to meet at the primary conductive trace, and/or the 
electrical coupling may include a third trace extending from the primary conductive 
trace to the conductive pad between the first and second traces. Moreover, the third 

20 trace may have a width that is less than a width of either of the first and second traces. 

In addition, a solder layer may be formed on the conductive pad, and a second 
electronic substrate may be provided on the solder layer wherein at least one of the 
first and second traces can be coupled to the conductive pad adjacent to a portion of 
the solder layer subject to compressive stress. In addition, an insulating layer may be 

25 formed on the electronic substrate, on the conductive trace, on the conductive pad, 
and on the electrical coupling, wherein the insulating layer has a via therein so that a 
portion of the conductive pad is free of the insulating layer. The electronic substrate 
may include a semiconductor substrate, a contact pad on the semiconductor substrate, 
and an insulating layer on the semiconductor substrate and the contact pad, and the 

30 insulating layer may have a via therein so that a portion of the contact pad is free of 
the insulating layer. Moreover, the conductive trace, the conductive pad, and the 
electrical coupling may be on the insulating layer opposite the substrate, and the 
conductive trace may be electrically coupled with the contact pad through the via. 
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According to yet additional embodiments of the present invention, an 
electronic structure may include an electronic substrate and a seed layer on the 
electronic substrate. A conductive shunt layer may be on portions of the seed layer 
wherein portions of the seed layer are free of the conductive shunt layer, and a 
5 conductive barrier layer may be on the conductive shunt layer opposite the seed layer 
wherein the shunt layer comprises a first material and wherein the barrier layer 
comprises a second material different than the first material. In addition, a solder 
layer may be on the barrier layer opposite the shunt layer. 

According to more embodiments of the present invention, an electronic 

10 structure may include a conductive pad on a substrate, and an insulating layer on the 
substrate and on the conductive pad, wherein the insulating layer has a via therein so 
that a portion of the conductive pad opposite the substrate is free of the insulating 
layer. A conductive shunt layer may be on the portion of the conductive pad free of 
the insulating layer, on sidewalls of the via, and on surface portions of the insulating 

15 layer surrounding the via opposite the substrate and the conductive pad, and the 
conductive shunt layer may have a thickness of at least approximately 0.5jj.m. In 
addition, a conductive barrier layer may be on the conductive shunt layer opposite the 
conductive pad and the insulating layer wherein the shunt layer and the barrier layer 
comprise different materials, and a solder layer may be on the barrier layer opposite 

20 the shunt layer. 

According to still more embodiments of the present invention, an electronic 
structure may include an electronic substrate, and a primary conductive trace on the 
electronic substrate, the primary conductive trace having a first width. A conductive 
pad on the electronic substrate may have a second width greater than the first width. 

25 In addition, an electrical coupling between the primary conductive trace and the 
conductive pad may provide at least two separate current flow paths between the 
primary conductive trace and the conductive pad. 

Brief Description of the Drawings 

30 Figures 1 A-C are cross-sectional views illustrating steps of forming electronic 

structures according to embodiments of the present invention. 

Figure ID is a plan view of a conductive pad and trace according to 
embodiments of the present invention. 
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Figures 2A-2C are cross-sectional views illustrating steps of forming 
electronic structures according to additional embodiments of the present invention. 

Figure 2D is a plan view of a conductive pad and trace according to 
embodiments of the present invention. 
5 Figures 3A-C are respective cross-sectional, plan, and perspective views of 

electronic structures according to embodiments of the present invention. 

Figures 4A-E are plan views illustrating conductive interconnects according to 
embodiments of the present invention. 



10 Detailed Description 

The present invention will now be described more fully hereinafter with 
reference to the accompanying drawings, in which embodiments of the invention are 
shown. The invention may, however, be embodied in different forms and should not 
be construed as limited to the embodiments set forth herein. Rather, these 

1 5 embodiments are provided so that this disclosure will be thorough and complete, and 
will fully convey the scope of the invention to those skilled in the art. In the drawings, 
the thickness of layers and regions are exaggerated for clarity. It will also be 
understood that when a layer is referred to as being "on" another layer or substrate, it 
can be directly on the other layer or substrate, or intervening layers may also be 

20 present. It will also be understood that when an element is referred to as being 

"coupled" or "connected" to another element, it can be directly coupled or connected 
to the other element, or intervening elements may also be present. Like numbers refer 
to like elements throughout. 

According to embodiments of the present invention, a conductive shunt can be 

25 provided to distribute current across a contact surface of a solder structure, such as a 
solder bump. For example, a via can be provided in an insulating layer exposing 
portions of a contact pad, a conductive shunt can be provided on the exposed portions 
of the contact pad and on sidewalls of the via, and a solder layer can be provided on 
the conductive shunt opposite the contact pad and opposite the via sidewalls. More 

30 particularly, the conductive shunt can be a layer of a metal, such as copper, having a 
thickness of at least 0.5 jam. Current can thus be conducted through the conductive 
shunt along sidewalls of the via to provide a more uniform distribution of current 
density throughout the solder structure. Accordingly, electromigration in the solder 
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structure can be reduced, void formation in the solder structure can be reduced, and/or 
a useful lifetime of the solder structure can be increased. 

Steps of forming electronic structures including conductive shunt layers 
according to embodiments of the present invention are illustrated in Figures 1 A-C. 
5 As shown in Figure 1 A, an electronic structure may include a conductive pad 103 on a 
substrate 101, and an insulating layer 107 on the substrate 101 and conductive pad 
103 with a via therein so that portions of the conductive pad 103 are free of the 
insulating layer 107. In addition, the electronic structure may include a conductive 
trace 105 providing coupling between the conductive pad 103 and other portions of 

10 the electronic structure. The conductive trace 105, for example, may have a first 
width, and the conductive pad 103 may have a second width greater than the first 
width. When viewed perpendicular to the substrate 101 , the conductive pad 103 may 
have a circular shape, however, other shapes may be provided. The via in the 
insulating layer 107 may have a shape similar to that of the conductive pad 103 but 

15 smaller so that edge portions of the conductive pad 103 are covered by the insulating 
layer 107. 

A plan view of an example of a conductive pad 103' and a conductive trace 
105' according to embodiments of the present invention is illustrated in Figure ID. A 
peripheral portion 103A' of the conductive pad 103 T may be covered by an overlying 

20 insulating layer, and an interior portion 103B* of the conductive pad 103 may be free 
of an overlying insulating layer. Accordingly, electrical coupling to a solder layer 
may be provided through the interior portion 103B* of the conductive pad 103 f . 

The conductive pad 103 and conductive trace 105, for example, may comprise 
a layer or layers of conductive materials such as copper, aluminum, nickel, titanium, 

25 and/or combinations and/or alloys thereof. In addition, the conductive pad 103 may 
be electrically coupled to a portion of the substrate opposite the via so that the 
conductive trace is not required. 

A seed layer 110 may be formed on the insulating layer 107, on sidewalls of 
the via through the insulating layer, and on portions of the conductive pad 103 free of 

30 the insulating layer 107. The seed layer 110, for example, may be used as a plating 
electrode for subsequent electroplating. More particularly, the seed layer 110 may 
include an adhesion layer 109 to provide adhesion between subsequently electroplated 
layers and the conductive pad 103 and the insulating layer 107. The adhesion layer, 
for example, may include a layer of titanium, tungsten, chrome, and/or combinations 
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thereof. The seed layer 110 may also include a plating conduction layer 111, such as 
a layer of copper. The plating conduction layer, for example, may have a thickness in 
the range of approximately 0. 1 jxm to 0.5 jim. The plating conduction layer may 
provide electrical conduction for subsequent electroplating. According to some 
5 embodiments of the present invention, the seed layer 110, including the adhesion 
layer 109 and the plating conduction layer 111, may have a thickness of 
approximately 0.1 5^im. 

A conductive shunt layer 113, a barrier layer 115, and a solder layer 117 can 
then be selectively formed on the seed layer 110. As shown, the conductive shunt 

10 layer 113, the barrier layer 115, and the solder layer 117 may be selectively formed on 
portions of the seed layer 110 opposite the conductive pad 103, opposite sidewalls of 
the via exposing the conductive pad 103, and opposite portions of the insulating layer 
107 surrounding the via. In an alternative, the conductive shunt layer 113, the barrier 
layer 115, and the solder layer 117 may be selectively formed on portions of the seed 

15 layer 110 remote from the conductive pad 103. 

According to particular embodiments of the present invention, the conductive 
shunt layer 113, the barrier layer 115, and the solder layer 117 may be selectively 
formed by electroplating through a mask. More particularly, a mask may be formed 
on the seed layer 110, wherein the mask has a pattern exposing portions of the seed 

20 layer 110 on which the conductive shunt layer, the barrier layer, and the solder layer 
are to be electroplated. The seed layer can then provide an electroplating electrode 
for successively plating the conductive shunt layer 113, the barrier layer 115, and the 
solder layer 117. Once the electroplating has been completed, the mask can be 
removed. While electroplating has been discussed as a means for forming the 

25 conductive shunt layer, the barrier layer, and the solder layer, these layers may be 
formed by other means such as electroless plating, evaporation, sputtering, solder 
paste, solder ball placement, liquid metal jetting, and/or chemical vapor deposition. 
Moreover, one or more of the conductive shunt layer, the barrier layer, and/or the 
solder layer may be formed non-selectively across the substrate and then patterned 

30 using photolithography to provide the structure illustrated in Figure 1 A. 

Moreover, the conductive shunt layer 113 may be a layer of a metal, such as 
copper, having a thickness of at least approximately 0.5jim. According to particular 
embodiments, the conductive shunt layer 113 may be a layer of a metal having a 
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thickness of at least approximately 1 .Ojxm, and more particularly having a thickness in 
the range of approximately 1 .0|im to 5.0jom. The barrier layer 115 may be a layer of 
a barrier metal, such as nickel, platinum, palladium, and/or combinations thereof, 
having a thickness in the range of approximately 1pm to 2|am. The solder layer 117 
5 may be a layer of lead-tin solder, but other solder materials may be used. 

After forming the conductive shunt layer 113, the barrier layer 115, and the 
solder layer 117, portions of the seed layer 110 may remain free of the conductive 
shunt layer, the barrier layer, and the solder layer, as shown in Figure 1 A. These 
exposed portions of the seed layer 110 may be selectively removed using the solder 

10 layer 117, the barrier layer 115, and/or the conductive shunt layer 113 as a patterning 
mask. For example, an etch chemistry may be selected that etches the seed layer 
selectively with respect to the solder layer 117 and/or the barrier layer 115. 
Accordingly, the exposed portions of the seed layer 110 may be selectively removed 
without requiring a separate masking step, as shown in Figure IB, to provide the 

15 patterned seed layer 110 f which includes the patterned conductive adhesion layer 109 ? 
and the patterned plating conduction layer 111'. 

The solder layer 117 can then be heated above its melting temperature (also 
referred to as a reflow operation) and then cooled to provide a rounded solder bump 
117 f as shown in Figure 1C. In an alternative, the solder layer 117 may be heated 

20 above its melting temperature and then cooled while in contact with a pad of another 
substrate to provide mechanical and/or electrical coupling between the substrate 101 
and the other substrate. By providing a relatively thick conductive shunt layer 113, 
current can be distributed more evenly across the solder bump 117'. Accordingly, 
electromigration and/or void formation within the solder bump 117' may be reduced 

25 and/or a mean time to failure may be increased. 

Moreover, the barrier layer 115 may help maintain an integrity of the 
conductive shunt layer 113 during reflow of the solder layer 117. In general, the 
conductive shunt layer 113 may comprise a material that may readily dissolve into 
solder while the barrier layer 115 may comprise a material that does not readily 

30 dissolve into the solder layer 117 during solder reflow. Accordingly, a dissolvable 
material of the conductive shunt layer 113 may be protected by the barrier layer 115 
during solder reflow. According to a particular embodiment, the conductive shunt 
layer 113 may comprise copper which may readily dissolve into lead-tin solder, and 
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the barrier layer 115 may comprise a metal (such as nickel, platinum, palladium, 
and/or combinations thereof) that may not readily dissolve into lead-tin solder. A 
layer of a passivating material such as gold may also be provided on the barrier layer 
115. 

5 By providing a relatively thick conductive shunt layer 113 extending along 

exposed portions of the conductive pad 103, along via sidewalls, and along surface 
portions of the insulating layer 107 adjacent the via^ electrical current flowing 
between the conductive pad 103 and another substrate may be more evenly distributed 
across the solder bump 117'. Accordingly, electromigration and/or void formation 
10 within the solder bump 117' may be reduced, and/or a lifetime of the device may be 
increased. 

In an alternative or in addition to the barrier layer 115, a passivation layer, 
such as a layer of gold, may be formed on the conductive shunt layer 113. For 
example, the passivation layer can be formed by plating using the same mask used 

15 when forming the conductive shunt layer 113. A solder ball can then be placed on the 
passivation layer instead of plating a solder layer. The mask and/or the seed layer 110 
can be removed before or after placement of the solder ball. For example, portions of 
the seed layer 110 covered by the conductive shunt layer 113 and the passivation layer 
can be maintained while removing portions of the seed layer 110 not covered by the 

20 passivation layer and the conductive shunt layer 113 using an etch chemistry that 
selectively removes materials of the seed layer 110 with respect to the passivation 
layer and/or the solder ball. 

According to additional embodiments of the present invention, the conductive 
shunt layer may be provided as a part of a seed layer, and a separate plating 

25 conduction layer may not be required. Steps of forming electronic structures 

including conductive shunt layers as a part of a seed layer are illustrated in Figures 
2A-C. As shown in Figure 2A, an electronic structure may include a conductive pad 
203 on a substrate 201, and an insulating layer 207 on the substrate 201 and 
conductive pad 203 with a via therein so that portions of the conductive pad 203 are 

30 free of the insulating layer 207. In addition, the electronic structure may include a 
conductive trace 205 providing coupling between the conductive pad 203 and other 
portions of the electronic structure. The conductive trace 205, for example, may have 
a first width, and the conductive pad 203 may have a second width greater than the 
first width. When viewed perpendicular to the substrate 201, the conductive pad 203 
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may have a circular shape, however, other shapes may be provided. The via in the 
insulating layer 207 may have a shape similar to that of the conductive pad 203 but 
smaller so that edge portions of the conductive pad 103 are covered by the insulating 
layer 207. 

5 A plan view of an example of a conductive pad 203' and a conductive trace 

205 f according to embodiments of the present invention is illustrated in Figure 2D. A 
peripheral portion 203 A' of the conductive pad 203 1 may be covered by an overlying 
insulating layer, and an interior portion 203B' of the conductive pad 203 may be free 
of an overlying insulating layer. Accordingly, electrical coupling to a solder layer 

1 0 may be provided through the interior portion 203B' of the conductive pad 203'. 

A seed layer 210 may be formed on the insulating layer 207, on sidewalls of 
the via through the insulating layer, and on portions of the conductive pad 203 free of 
the insulating layer 207. The seed layer 210, for example, may be used as a plating 
electrode for subsequent electroplating. More particularly, the seed layer 210 may 

15 include a relatively thick conductive shunt layer 213. The seed layer 210 may also 

include an adhesion layer 209 to provide adhesion between the conductive shunt layer 
213 and the conductive pad 203 and the insulating layer 207. The adhesion layer, for 
example, may include a layer of titanium, tungsten, chrome, and/or combinations 
thereof. 

20 The conductive shunt layer 213 may thus be formed across an entirety of the 

insulating layer 207, and the conductive shunt layer 213 may be a layer of a metal 
such as copper, having a thickness of at least approximately 0.5pm. According to 
particular embodiments, the conductive shunt layer may be a layer of a metal, such as 
copper, having a thickness of at least approximately 1 .0 pm, and more particularly the 

25 conductive shunt layer may have a thickness in the range of approximately 1 .Ojjm to 
5.0|im. The conductive shunt layer 213 may provide a conduction layer for 
subsequent electroplating. 

A barrier layer 215, and a solder layer 217 can then be selectively formed on 
the seed layer 210. As shown, the barrier layer 215, and the solder layer 217 may be 

30 selectively formed on portions of the seed layer 210 opposite the conductive pad 203, 
opposite sidewalls of the via exposing the conductive pad 203, and opposite portions 
of the insulating layer 207 surrounding the via. In an alternative, the barrier layer 
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215, and the solder layer 217 may be selectively formed on portions of the seed layer 
210 remote from the conductive pad 203. 

According to particular embodiments of the present invention, the barrier layer 
215, and the solder layer 217 may be selectively formed by electroplating through a 
5 mask. More particularly, a mask may be formed on the seed layer 210, wherein the 
mask has a pattern exposing portions of the seed layer 210 on which the barrier layer, 
and the solder layer are to be electroplated. The seed layer can then provide an 
electroplating electrode for successively plating the barrier layer 215, and/or the 
solder layer 217. Once the electroplating has been completed, the mask can be 

10 removed. While electroplating has been discussed as a means for forming the barrier 
layer, and the solder layer, these layers may be formed by other means such as 
electroless plating, evaporation, sputtering, solder paste, solder ball placement, liquid 
metal jetting, and/or chemical vapor deposition. Moreover, one or more of the barrier 
layer, and/or the solder layer may be formed non-selectively across the substrate and 

15 then patterned using photolithography to provide the structure illustrated in Figure 
2A. 

The barrier layer 215 may be a layer of a barrier metal (such as nickel, 
platinum, palladium, and/or combinations thereof) having a thickness in the range of 
approximately 1 jxm to 2fim. The solder layer 217 may be a layer of lead-tin solder, 

20 but other solder materials may be used. 

After forming the barrier layer 215, and the solder layer 217, portions of the 
seed layer 210 may remain free of the barrier layer, and the solder layer, as shown in 
Figure 2 A. These exposed portions of the seed layer 210 may be selectively removed 
using the solder layer 217 and/or the barrier layer 215 as a patterning mask. For 

25 example, an etch chemistry may be selected that etches the seed layer selectively with 
respect to the solder layer 217 and/or the barrier layer 215. Accordingly, the exposed 
portions of the seed layer 210 may be selectively removed without requiring a 
separate masking step as shown in Figure 2B to provide the patterned seed layer 210 f 
including conductive shunt layer 213\ The patterned seed layer 210 f may also 

30 include patterned adhesion layer 209' . 

The solder layer 217 can then be heated above its melting temperature (also 
referred to as a reflow operation) and then cooled to provide a rounded solder bump 
217' as shown in Figure 2C. In an alternative, the solder layer 217 may be heated 
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above its melting temperature and then cooled while in contact with a pad of another 
substrate to provide mechanical and/or electrical coupling between the substrate 201 
and the other substrate. By providing a relatively thick conductive shunt layer 213, 
current can be distributed more evenly across the solder bump 217\ Accordingly, 
5 electromigration and/or void formation within the solder bump 2 IT may be reduced 
and/or a mean time to failure may be increased. 

Moreover, the barrier layer 215 may help maintain an integrity of the 
conductive shunt layer 213 during reflow of the solder layer 217. In general, the 
conductive shunt layer 213 may comprise a material that may readily dissolve into 

10 solder while the barrier layer 215 may comprise a material that does not readily 
dissolve into the solder layer 217 during solder reflow. Accordingly, a dissolvable 
material of the conductive shunt layer 213 may be protected by the barrier layer 215 
during solder reflow. According to a particular embodiment, the conductive shunt 
layer 213 may comprise copper which may readily dissolve into lead-tin solder, and 

15 the barrier layer 215 may comprise a metal (such as nickel, platinum, palladium, 

and/or combinations thereof) that may not readily dissolve into lead-tin solder. The 
barrier layer 215 may also comprise a layer of a passivating material such as gold. 

By providing a relatively thick conductive shunt layer 213 extending along 
exposed portions of the conductive pad 203, along via sidewalls, and along surface 

20 portions of the insulating layer 207 adjacent the via, electrical current flowing 

between the conductive pad 203 and another substrate may be more evenly distributed 
across the solder bump 217'. Accordingly, electromigration and/or void formation 
within the solder bump 21 T may be reduced, and/or a lifetime of the device may be 
increased. 

25 The conductivity of a conductive shunt layer according to embodiments of the 

present invention may significantly reduce a current density in solder at a critical 
region of the via. By selecting the materials and thicknesses of the conductive shunt 
layer, an amount of current carried by the conductive shunt layer on the via sidewalls 
can reduce a current density in the solder by 25% or more. Because electromigration 

30 lifetime may depend on the inverse square of the current density, a 25% reduction in 
current density may effectively double a lifetime of a device including a conductive 
shunt layer according to embodiments of the present invention. A thickness of a 
conductive shunt layer can thus be chosen to increase lifetime with respect to 
electromigration failure. 
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Solders may be sensitive to electromigration due to their relatively low 
melting points. In flip chip solder bumps, a critical region may be the via where 
current may be crowded into an area with a radius smaller than that of the body of the 
bump. Here, the higher current density can lead to shortened lifetime due to 
5 electromigration. 

In a first approximation, the via may be viewed a simple right cylinder, 
although the processing of the insulating layer can lead to sloping via sidewalls, as 
shown in Figures 3 A-C. As shown in Figure 3A, an electronic structure according to 
embodiments of the present invention may include a conductive pad 303 on substrate 

10 301, and an insulating layer 307 on the substrate 301 and conductive pad 303. More 
particularly, the insulating layer 307 may have a via 308 therein so that portions of the 
conductive pad 303 are free of the insulating layer 307. A conductive shunt layer 313 
may be provided on portions of the conductive pad 303 free of the passivation layer 
307, on sidewalls of the via 308, and on portions of the passivation layer 307 adjacent 

15 the via 308, and a solder layer 317 may be provided on the conductive shunt layer 
313. 

The conductive shunt layer 313 may be a layer of a metal, such as copper, 
having a thickness of at least approximately 0.5jj.m. According to particular 
embodiments, the conductive shunt layer 313 may be a layer of a metal having a 

20 thickness of at least approximately 1 .0pm, and more particularly in the range of 
approximately l.Ojim to 5.0pm. Moreover, the conductive shunt layer 313 may 
include an adhesion layer, such as a layer of titanium, tungsten, chrome, and/or 
combinations thereof, adjacent the insulating layer 307 and the conductive pad 303, 
and the conductive shunt layer 313 may also include a barrier layer, such as a layer of 

25 nickel, platinum, palladium, and/or combinations thereof, adjacent the solder layer 

317. Figures 3B and 3C are top and perspective views, respectively, of portions of the 
conductive shunt layer 313 and solder layer 317 within the via 308. 

The conductivity of a conventional underbump metallurgy layer (UBM) is 
often ignored in flip chip design because the current flow may be substantially 

30 parallel to the thickness direction of the UBM and the UBM may account for only 1% 
of a total bump thickness. In a region of the via 308 in a structure including a 
conductive shunt layer 313 according to embodiments of the present invention, 
however, current may be conducted perpendicular to the thickness direction, through 
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the conductive shunt layer 313 along via 308 sidewalls. Here the conductive shunt 
layer 313 conductivity can aid in reducing a current density of the solder layer 317 
adjacent the via 308 edge on the conductive pad 303 and in improving a lifetime of a 
solder joint. 

5 A current-carrying cross sectional area of a conductive shunt layer 313 

according to embodiments of the present invention may be relatively large because it 
is at the circumference of the cylinder and the conductive shunt layer 313 metal may 
be more conductive than the solder of solder layer 317. For a via of diameter 150^m 
microns with a conductive shunt layer of 3^im thickness, some 31% percent of the 
10 current flows in the conductive shunt layer 313. Because lifetime is proportional to 
inverse square of current density: 

MTTF oc J" 2 . 

a 31% percent reduction in solder current density may result in an 2.1 fold increase in 
solder bump lifetime. 

15 Conductive shunt layers may thus act. as current spreading layers according to 

embodiments of the present invention. Stated in other words, a conductive shunt 
layer may spread current across a bottom surface of a solder layer so that current is 
more evenly distributed across a cross section of the solder layer parallel with the 
substrate and so that current crowding in the solder layer at a via corner adjacent a 

20 line entry to the conductive pad can be reduced. As discussed above, current 

entering/exiting the solder layer can be spread along via sidewalls and onto a surface 
of an insulating layer opposite the conductive pad through the conductive shunt layer. 

According to additional embodiments of the present invention, current 
crowding may be reduced by providing a plurality of current paths to a conductive 

25 pad on which a solder layer is formed. As shown in Figure 4A, a conductive pad 401 
may be provided on an insulating layer of a substrate, and a conductive trace 403 may 
provide routing of electrical signals between the conductive pad 401 and another 
portion of the substrate. In addition, an electrical coupling 405 may provide at least 
two separate current flow paths between the conductive trace 403 and the conductive 

30 pad 401. As discussed above with respect to Figures 1 A-C and 2A-C, an insulating 
layer may be provided on the substrate, on the conductive trace 403, and on the 
conductive pad 401. Moreover, a via may be provided in the insulating layer so that 
an interior portion 401 A of the conductive pad 401 is free of the passivation layer and 
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so that a peripheral portion 401B of the conductive pad 401 is covered by the 
passivation layer. 

The conductive pad 401, the conductive trace 403, and the electrical coupling 
405 may comprise a common structure. More particularly, the conductive pad 401, 
5 the conductive trace 403, and the electrical coupling 405 may be formed by providing 
a conductive layer on the substrate, and patterning the conductive layer using 
photolithography. As shown, the conductive trace 403 may have a first width, and the 
conductive pad 401 may have a second width greater than the first width. Use of a 
relatively narrow conductive trace may facilitate routing a plurality of conductive 

10 traces/pads on a common substrate, and use of a relatively wide conductive pad may 
facilitate use of relatively large solder bumps. 

As shown, the electrical coupling 405 between the conductive trace 403 and 
the conductive pad 401 may provide at least two separate current flow paths 405 A and 
405B between the conductive trace and the conductive pad. More particularly, the 

1 5 separate current flow paths may be defined by providing a perforation 407 in the 

electrical coupling 405 between the conductive pad 401 and the conductive trace 403 
so that separate current flow paths are provided on either side of the perforation. 
Moreover, the electrical coupling 405 may be flared to provide contact with a 
relatively large portion of the conductive pad. While the conductive trace 403 and the 

20 electrical coupling 405 are provided with separate reference numbers, it will 

understood that the electrical coupling may be considered a part of the conductive 
trace. 

By providing the perforation 407 in a center portion of the electrical coupling, 
a local current flow through the center of the electrical coupling may be blocked so 

25 that a more even distribution of current can be provided to a solder layer on the 

portion 401A of the conductive pad 401 free of the passivation layer. Stated in other 
words, a peak current density in the solder layer at the via edge may be reduced by 
including the perforation 407. As shown in Figure 4A, the perforation 407 may be 
circular, but the perforation may have other shapes. As shown in Figure 4B, the 

30 perforation 407 ? in electrical coupling 405 ! may have a slotted shape to provide 

separate current paths 405A ? and 405BV More particularly, the perforation 407 1 may 
be flared and/or may have a triangular shape. In an alternative, the separate current 
paths 405A* and 405B f may be viewed as first and second traces extending from the 
conductive trace 403 to the conductive pad 401. 
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Electrical couplings according to additional embodiments of the present 
invention are illustrated in Figure 4C. As shown, a conductive pad 501 may be 
provided on an insulating layer of a substrate, and a conductive trace 503 may provide 
routing of electrical signals between the conductive pad 501 and another portion of 
5 the substrate. In addition, an electrical coupling including separate traces 505A and 
505B may provide at least two separate current flow paths between the conductive 
trace 503 and the conductive pad 501. As discussed above with respect to Figures 
1 A-C and 2A-C, an insulating layer may be provided on the substrate, on the 
conductive trace 503, and on the conductive pad 501. Moreover, a via may be 

1 0 provided in the insulating layer so that an interior portion 501 A of the conductive pad 
501 is free of the passivation layer and so that a peripheral portion 501B of the 
conductive pad 501 is covered by the passivation layer. 

The conductive pad 501, the conductive trace 503, and the electrical coupling 
505 may comprise a common structure. More particularly, the conductive pad 501, 

15 the conductive trace 503, and the electrical coupling 505 may be formed by providing 
a conductive layer on the substrate, and patterning the conductive layer using 
photolithography. As shown, the conductive trace 503 may have a first width, and the 
conductive pad 501 may have a second width greater than the first width. Use of a 
relatively narrow conductive trace may facilitate routing a plurality of conductive 

20 traces/pads on a common substrate, and use of a relatively wide conductive pad may 
facilitate use of relatively large solder bumps. 

As shown, the electrical coupling 505 between the conductive trace 503 and 
the conductive pad 501 may include at least two separate traces 505 A and 505B 
providing at least two separate current flow paths 505A f and 505B f between the 

25 conductive trace and the conductive pad. The region 507 f between the separate traces 
505A and 505B may be free of a conductive material from which the electrical 
coupling 505 is formed. Moreover, the separate traces 505A and 505B may contact 
opposite sides of the conductive pad 501 as shown in Figure 4C. Accordingly, current 
may be provided to the conductive pad 501 and to a solder layer on the interior 

30 portion 501A of the conductive pad 501 from opposite sides thereof. 

Electrical couplings according to additional embodiments of the present 
invention are illustrated in Figure 4D. As shown, a conductive pad 601 may be 
provided on an insulating layer of a substrate, and a conductive trace 603 may provide 
routing of electrical signals between the conductive pad 601 and another portion of 
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the substrate. In addition, an electrical coupling including separate traces 605A and 
605B may provide at least two separate current flow paths 605A' and 605B f between 
the conductive trace 603 and the conductive pad 601. As discussed above with 
respect to Figures 1 A-C and 2A-C, an insulating layer may be provided on the 
5 substrate, on the conductive trace 603, and on the conductive pad 601. Moreover, a 
via may be provided in the insulating layer so that an interior portion 601A of the 
conductive pad 601 is free of the passivation layer and so that a peripheral portion 
601B of the conductive pad 601 is covered by the passivation layer. 

The conductive pad 601, the conductive trace 603, and the separate traces 

10 605A and 605B may comprise a common structure. More particularly, the conductive 
pad 601, the conductive trace 603, and the separate traces 605A and 605B may be 
formed by providing a conductive layer on the substrate, and patterning the 
conductive layer using photolithography. As shown, the conductive trace 603 may 
have a first width, and the conductive pad 601 may have a second width greater than 

15 the first width. Use of a relatively narrow conductive trace may facilitate routing a 
plurality of conductive traces/pads on a common substrate, and use of a relatively 
wide conductive pad may facilitate use of relatively large solder bumps. 

As shown, the separate traces 605A and 605B between the conductive trace 
603 and the conductive pad 601 may provide at least two separate current flow paths 

20 605 A' and 605B' between the conductive trace and the conductive pad. The region 
607 between the separate traces 605A and 605B may be free of a conductive material 
from which the electrical coupling 605, the conductive trace 603, and the conductive 
traces 605A and 605B are formed. Moreover, the separate traces 605A and 605B may 
extend tangentially from the conductive pad 601, and/or the separate traces 605A and 

25 605B may extend in a parallel direction from the contact pad 601. Accordingly, 

separate current paths 605A' and 605B' may be provided to the conductive pad 601 
and to a solder layer on the interior portion 601A of the conductive pad 601 at 
relatively widely spaced apart portions of the conductive pad without significantly 
increasing a width of the conductive pad when combined with the separate traces 

30 605A and 605B. 

Electrical couplings according to additional embodiments of the present 
invention are illustrated in Figure 4E. As shown, a conductive pad 701 may be 
provided on an insulating layer of a substrate, and a conductive trace 703 may provide 
routing of electrical signals between the conductive pad 701 and another portion of 
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the substrate. In addition, an electrical coupling including separate traces 705A and 
705B may provide at least two separate current flow paths 705A 1 and 705B f between 
the conductive trace 703 and the conductive pad 701. As discussed above with 
respect to Figures 1 A-C and 2A-C, an insulating layer may be provided on the 
5 substrate, on the conductive trace 703, and on the conductive pad 701. Moreover, a 
via may be provided in the insulating layer so that an interior portion 701 A of the 
conductive pad 701 is free of the passivation layer and so that a peripheral portion 
70 IB of the conductive pad 701 is covered by the passivation layer. 

As shown, the separate traces 705A and 705B may be symmetric with respect 

10 to the conductive trace 703 as discussed above with regard to separate traces 605A 
and 605B of Figure 4D. In addition, a third conductive trace 709 may be provided 
between the separate traces 705 A and 705B. The third conductive trace 709 may 
provide a more even distribution of current to the conductive pad 701 and to a solder 
layer on interior portions 701 A of the conductive pad 701. Moreover, the third trace 

15 709 may be centered between the traces 705 A and 705B so that current paths 705 A f 
and 705B ? provide relatively symmetric current flows, and a width of the third trace 
709 may be narrow relative to a width of traces 705A and 705B so that a current 
through path 709 f is not too great and so that sufficient current is maintained through 
paths 705A f and 705BV 

20 The conductive pad 701, the conductive trace 703, the first and second traces 

705A and 705B, and the third trace 709 may comprise a common structure. More 
particularly, the conductive pad 701, the conductive trace 703, the first and second 
separate traces 705A and 705B, and the third trace 709 may be formed by providing a 
conductive layer on the substrate, and patterning the conductive layer using 

25 photolithography. As shown, the conductive trace 703 may have a first width, and the 
conductive pad 701 may have a second width greater than the first width. Use of a 
relatively narrow conductive trace may facilitate routing a plurality of conductive 
traces/pads on a common substrate, and use of a relatively wide conductive pad may 
facilitate use of relatively large solder bumps. 

30 The regions 707 between the separate traces 705A, 705B, and 709 may be free 

of a conductive material from which the electrical coupling 705, the conductive trace 
703, and the conductive traces 705A, 705B, and 709 are formed. Moreover, the 
separate traces 705A and 705B may extend tangentially from the conductive pad 701, 
and/or the separate traces 705A and 705B may extend in a parallel direction from the 
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contact pad 701. Moreover, the separate traces 705 A and 705B may be symmetrical 
about the trace 709. Accordingly, separate and spaced apart current paths 705 A f , 
705B', and 709 may be provided to the conductive pad 701 and to a solder layer on 
the interior portion 701 A of the conductive pad 701. 
5 The conductive pads, conductive traces, and electrical couplings discussed 

above with regard to Figures 4A-E (shown from plan views), may be implemented in 
place of the conductive traces 105 and/or 205 and conductive pads 103 and/or 203 
(shown in cross section) of Figures 1 A-C and 2A-C. Accordingly, peripheral portions 
401B, 501B, 601B, and/or 701B of conductive pads 401, 510, 601, and 701 may be 

10 covered with an insulating layer, and the insulating layer may have a via therein so 
that interior portions 401A, 501A, 601A, and/or 701A of conductive pads 401, 510, 
601, and 701 are free of the insulating layer. Moreover, a solder layer may be formed 
on the interior portions of the conductive pads, on sidewalls of the via in the 
insulating layer, and on portions of the insulating layer surrounding the via. In 

15 addition, a conductive shunt layer may be provided between the solder layer and the 
conductive pad and the insulating layer. Stated in other words, conductive couplings 
and/or separate traces as discussed above with respect to Figures 4A-E and conductive 
shunt layers as discussed above with respect to Figures 1 A-C, 2A-C, and 3A-C may 
be combined in electronic structures and devices according to embodiments of the 

20 present invention. Conductive traces 105 and 205 of Figures 1 A-C and 2A-C may 
alternately be provided without a flared electrical coupling, without separate current 
paths, and/or without perforations. 

In addition, placement of a trace in contact with a conductive pad may be 
determined relative to mechanical strain applied to a solder layer on the conductive 

25 pad after the solder layer is bonded to a second substrate. For example, if a solder 
layer according to the present invention is used to bond two substrates, lateral forces 
(parallel to the substrates) may be applied to the solder layer due, for example, to 
different thermal expansions of the substrates, and the solder layer may strain to 
absorb the stress. More particularly, one side of the solder layer on the conductive 

30 pad may be subjected to tensile strain, and an opposite side of the solder layer on the 
conductive pad may be subjected to compressive strain. 

As discussed above, a greater current density may result in portions of a solder 
layer on a conductive pad adjacent a conductive trace providing the electrical 
interconnection for the pad. Moreover, the greater current density may result in more 
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rapid electromigration and void formation in portions of the solder layer on a 
conductive pad adjacent a conductive trace providing electrical interconnection for the 
pad. Accordingly, one or more conductive traces may be coupled to the conductive 
pad adjacent a portion of the solder layer that is subjected to compressive stress. 
5 Accordingly, a void formed in the solder layer adjacent the coupling with the 
conductive trace may be compressed and shunted due to the compressive stress. 

In an alternative, opposite sides of a solder layer on a conductive pad may be 
subjected to alternating compressive and tensile strains and portions of the solder 
layer between the opposite sides subjected to the compressive and tensile strains may 

10 be neutrally strained. In such a situation, it may be beneficial to provide that a 
conductive trace or traces are coupled to the conductive pad adjacent one or more 
neutrally strained portions of the solder layer. For example, a solder layer on the 
interior portion 501 A of conductive pad 501 of Figure 4C may be subjected to 
alternating compressive and tensile strains applied parallel to the direction of the trace 

1 5 503. Accordingly, the separate traces 505 A and 505B may be coupled to opposite 
sides of the conductive pad that may be neutrally strained. 

Electronic structures according to embodiments of the present invention may 
thus include a primary conductive trace on an electronic substrate wherein the primary 
conductive trace has a first width, and a conductive pad on the electronic substrate 

20 wherein the conductive pad has a second width greater than the first width. An 

electrical coupling between the primary conductive trace and the conductive pad may 
provide different resistances to current flow across a width thereof. Different 
resistances may be provided, for example, by providing an opening in the electrical 
coupling such as the perforation 407 illustrated in Figure 4A. 

25 In an alternative, an electrical coupling according to embodiments of the 

present invention may have different thicknesses across a width thereof. The 
electrical coupling 405 of Figure 4 A, for example, may include a relatively thin layer 
of a conductive material in place of the perforation 407 wherein the relatively thin 
layer has a thickness that is less that a thickness of the remainder of the electrical 

30 coupling. Moreover, the relatively thin layer and the remainder of the electrical 
coupling may comprise the same material. In another alternative, the electrical 
coupling may include a layer of a first conductive material in place of the perforation 
407 at a central portion thereof and a layer of a second conductive material along 
peripheral portions thereof wherein the first and second conductive materials have 
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different resistivities. In addition, the layer of the second conductive material may 
extend across the electrical coupling on the layer of the first conductive material. 
Electrical couplings according to embodiments of the present invention may thus 
provide relatively uniform distribution of current for the conductive pad. 

While this invention has been particularly shown and described with reference 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended claims and their 
equivalents. 



Page 23 of 39 



